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Description 

METHOD OF FABRICATING POLYSILICON 
FILM BY EXCIMER LASER 
CRYSTALLIZATION PROCESS 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of fabricating a 
polysilicon film, and more particularly, to a method of 
fabricating a polysilicon film by an excimer laser crystal- 
lization(ELC) process. 

[0003] 2. Description of the Prior Art 

[0004] The progress of science and technology has led to small, 
effective, and portable intelligent information products 
becoming a part of our lives. Display devices play an im- 
portant role because all intelligent information products, 
such as mobile phones, personal digital assistants (PDAs), 
or notebooks, need display devices to be a communica- 
tion interface. However, the fully developed amorphous 



silicon thin film transistor liquid crystal display (a-Si TFT 
LCD) devices, which are restricted in their carrier transfer 
rate, have difficulty in meeting the requirements of being 
thin, being power saving, and having high resolution. 
Therefore, the a-Si TFT LCD devices are gradually re- 
placed by low temperature polysilicon (LTPS) thin film 
transistor liquid crystal display (TFT LCD) devices. 

[0005] | n the liquid crystal display devices, since a normal glass 
substrate can only work at a temperature below 600°C, 
fabricating a polysilicon film directly under a high temper- 
ature will make the glass substrate twisted. Thus, in a 
conventional method of fabricating a polysilicon thin film 
transistor, an expensive quartz substrate is needed and 
only a small size liquid crystal display panel can be made. 
Recently, a method of forming a low temperature polysili- 
con film by crystallizing an amorphous silicon film is 
gradually developed. Among the methods of forming 
polysilicon film, the excimer laser crystallization process 
is the major focus. 

[0006] Furthermore, a plurality of low temperature polysilicon 

thin film transistors arranged in a matrix form is disposed 
on the LCD panel for driving the pixel electrodes in the 
LCD panel to display images. Thus, the polysilicon film 



normally comprises a plurality of polysilicon islands. Each 
of the polysilicon islands functions as an active area to 
form a source, a drain, and a channel region of each low 
temperature polysilicon thin film transistor. 
[0007] For clarity, only one polysilicon island is illustrated in fol- 
lowing diagrams to show a conventional method of fabri- 
cating a polysilicon film by an excimer laser crystallization 
process though the polysilicon film comprises a plurality 
of polysilicon islands in fact. Referring Fig. 1 to Fig. 4, 
which are schematic diagrams of a method of fabricating 
a polysilicon film by an excimer laser crystallization pro- 
cess according to prior art. As shown in Fig. 1, a display 
panel 10 comprising a substrate 12 is first provided. 
Then, a sputtering process is performed to form a metal 
layer on the substrate 12. A first photo-etching process is 
followed to pattern the metal layer and form an alignment 
mark 14 on the surface of the substrate 12. In the pre- 
ferred embodiment of the present invention, the substrate 
is a glass substrate. The alignment mark 14 comprises at 
least an uneven structure disposed in a peripheral region 
of the substrate 12 which is not used for circuit layout. 
Therefore, the alignment mark 14 can be recognized by 
working machines clearly after performing a plurality of 



deposition processes. 

[0008] a plurality of lithography processes are typically used in 
the fabricating process of the polysilicon film and the fol- 
lowing manufacturing process of the display panel. If 
there is any bias present in the lithography processes, the 
device reliability is deteriorated and the device is malfunc- 
tioned if some serious defects occur. Therefore, in order 
to improve the alignment ability, the working machines 
have to align themselves according to the alignment mark 
14 before performing any operations, especially the 
lithography process, reducing the possibility of generating 
defect due to misalignment. 

[0009] As shown in Fig. 2, a buffer layer 16 and an amorphous 
silicon film 18 are formed on the surface of the substrate 
in turn. The amorphous silicon film 18 is defined with a 
first region 20 and second region 30. As shown in Fig. 3, 
a patterned mask layer 22 is formed on the second region 
30. The mask layer 22 may have a single layer structure 
composed of a metal layer or a silicon nitride layer, or a 
multi-layer structure composed of a combination of ma- 
terials mentioned above. The mask layer 22 can utilize the 
metal layer to increase the reflection rate of the second 
region 30 to reduce the heat absorption of the amorphous 



silicon film 18 or use the high heat dissipation of the sili- 
con nitride layer to make the amorphous silicon film 18 
with the mask layer 22 covering thereon generate grains 
first. Generally speaking, the formation of the mask layer 
22 is used for making the amorphous silicon film 18 in 
the second region 30, which is covered by the mask layer 
22, become partially melted and the amorphous silicon 
film 18 in the first region 20, which is not covered by the 
mask layer 22, become completely melted. Thus, when 
the melted amorphous silicon film 18 solidifies after the 
excimer laser irradiation is finished, a nucleation will hap- 
pen based on the partially melted region since there is a 
heterogeneous interface between the partially melted re- 
gion and the completely melted region. Grains are grown 
laterally from the second region 30, which is partially 
melted, toward the first region 20, which is completely 
melted, to form a polysilicon film 24 in the first region 20. 
[0010] As shown in Fig. 4, a photo-etching process is followed to 
remove the mask layer 22 and the amorphous silicon film 
18 in the second region 30 to form a polysilicon island 24 
in the first region 20. After that, latter processes of liquid 
crystal panel manufacturing are performed while the 
polysilicon island 24 is used as an active area to form a 



driving circuit of the display panel 10. 
[° 011 ] In the aforementioned excimer laser crystallization pro- 
cess, the lithography process is needed for the steps of 
defining the position of the alignment mark 14, patterning 
the mask layer 22, and forming the polysilicon island 24. 
In other words, total three lithography processes are used 
in fabricating the polysilicon island 24. Although the 
aforementioned method can control the position of the 
grain boundary, the fabricating process is complex, lead- 
ing to more fabricating time and cost. Thus, there is a 
strong need to simplify the excimer laser crystallization 

process. 
Summary of Invention 

[0012] it j S therefore a primary objective of the claimed invention 
to provide a method of fabricating a polysilicon film by an 
excimer laser crystallization process so as to solve the 
aforementioned problem. 

[0013] | n a preferred embodiment, the claimed invention pro- 
vides a method of fabricating a polysilicon film by an ex- 
cimer laser crystallizationprocess. First, a substrate de- 
fined with a first region, a second region surrounding the 
first region, and a third region is provided. An amorphous 
silicon film is formed on the substrate. Then, a first 



photo-etching process is followed to remove part of the 
amorphous film in the third region and form an alignment 
mark in the third region. After that, a mask layer is 
formed on the amorphous silicon film. A second photo- 
etching process is performed to remove the mask layer in 
the first region. An excimer laser crystallization process is 
then performed to make the amorphous film in the first 
region crystallize to a polysilicon film. Then, an etching 
process is performed to remove the mask layer. 

[0014] | t j S an advantage of the claimed invention that the 

method can form a polysilicon island with a controlled 
grain boundary by using two lithography processes, sim- 
plifying the fabricating process effectively and solving the 
prior art problem of having a complex process so as to 
reduce the manufacturing cost and the fabricating time. 

[0015] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0016] pig.l to Fig. 4 are schematic diagrams of fabricating a 

polysilicon film by an excimer laser crystallization process 



according to prior art. 

[0017] pig. 5 to Fig. 9 are schematic diagrams of fabricating a 

polysilicon film by an excimer laser crystallization process 
according to a first embodiment of the present invention. 

[0018] pig. 10 is a schematic diagram of fabricating a polysilicon 
film by an excimer laser crystallization process according 
to a second embodiment of the present invention. 

[0019] Fig. 11 is a schematic diagram of fabricating a polysilicon 

film by an excimer laser crystallization process according 

to a third embodiment of the present invention. 
Detailed Description 

[0020] please refer to Fig. 5 to Fig. 9, which are schematic dia- 
grams of fabricating a polysilicon film by an excimer laser 
crystallization process according to a first embodiment of 
the present invention. As shown in Fig. 5, a display panel 
110 comprising a substrate 112 is provided. The sub- 
strate 112 is defined with a first region 120, a second re- 
gion 130 surrounding the first region 120, and a third re- 
gion 140 in the surface of the substrate 112. A buffer 
layer 114 is formed on the substrate 112 for preventing 
impurities in the substrate 112 from diffusing upward and 
affecting the performance of the polysilicon film formed in 
latter processes. Next, an amorphous silicon film 116 is 



formed on the buffer layer 114. In the preferred embodi- 
ment of the present invention, the substrate 110 is a glass 
substrate and the buffer layer 114 is a silicon oxide layer 
or a multi-layer structure composed of a silicon oxide 
layer and a silicon nitride layer. A plurality of methods can 
be used to form the aforementioned layers, such as a low 
pressure chemical vapor deposition (LPCVD) process, 
plasma enhanced chemical vapor deposition (PECVD) pro- 
cess, or sputtering process. The methods are not de- 
scribed in detail since they are standard processes for this 
field. 

[0021] As shown in Fig. 6, a first photo-etching process is per- 
formed to pattern the amorphous silicon film 116 and re- 
move parts of the amorphous silicon film 116 in the third 
region 140 so as to form an alignment mark 118 in the 
third region 140. The alignment mark 118 comprises at 
least an uneven structure disposed in the peripheral re- 
gion which is not used for circuit layout. Therefore, the 
alignment mark 118 can be recognized clearly by the 
working machine after performing several deposition pro- 
cesses. 

[0022] a s shown in Fig. 7, a mask layer 122 is formed on the dis- 
play panel 110 and covering the buffer layer 114, the 



amorphous film 116 and the alignment mark 118. In the 
preferred embodiment of the present invention, the mask 
layer 122 is single layer structure composed of a silicon 
oxide layer, silicon nitride layer, a silicon-oxy-nitride 
layer, or a metal layer, or a multi-layer structure com- 
posed of the aforementioned materials. According to the 
materials used in the mask layer 122, a proper process 
can be used to form the mask layer 122, such as the well- 
known LPCVD process, PECVD process or the sputtering 
process. 

[0023] As shown in Fig. 8, a second photo-etching process is 
performed to remove the mask layer 122 in the first re- 
gion 120 and expose the amorphous silicon film 116 in 
the first region 120. Then, the display panel 110 is irradi- 
ated by an excimer laser. No matter if a metal layer, which 
can increases the reflecting rate, or a material with a high 
thermal conductivity, which can increase the heat dissipa- 
tion rate, is used in the mask layer 122, this makes the 
amorphous silicon film 116 in the first region 120 com- 
pletely melted and the amorphous silicon film 116 in the 
second region 130 not melted or partially melted. After 
that, the excimer laser irradiation is stopped so as to 
make the melted amorphous silicon film 116 crystallize to 



a polysilicon film 124. 

[0024] Generally speaking, the excimer laser is generated from 
the molecules such as XeCI, ArF, KrF, orXeF. Different 
molecules produce excimer lasers with different wave- 
lengths. The output power of the exicmer laser and the ir- 
radiating time can be adjusted according to the thickness 
of the amorphous silicon film 116. Since the process pa- 
rameters are not described in detail since those process 
parameters can be easily obtained by one skilled in the 
art. It is noted that the excimer laser used in the present 
invention comprises a conventional short pulse duration 
laser, which has a period in as range of 20 to 50 ns, and a 
long pulse duration laser, which has a period in a range of 
150 to 250 ns, for increasing the grain size, leading to in- 
crease the transporting rate of carriers and improve the 
electrical performance of the low temperature polysilicon 
thin film transistor. 

[0025] As shown in Fig. 9, an etching process is then performed 
to remove the mask layer 122 to form a polysilicon island 
which can be used as an active area of a low temperature 
polysilicon thin film transistor in latter manufacturing 
processes of the display panel 110. The latter processes 
are not described in detail since those should be obvious 



for one skilled in that field. 

[0026] According to the aforementioned description, the present 
invention uses the amorphous silicon film 116 to form the 
alignment mark 118 so that one deposition process and 
one lithography process can be omitted. Therefore, the 
fabricating time and the manufacturing cost can be re- 
duced effectively. 

[0027] please refer to Fig. 10, which is a schematic diagram of a 
method of fabricating a polysilicon film by an excimer 
laser crystallization process according to a second em- 
bodiment of the present invention. The fabricating 
method of the second embodiment is similar to that of the 
first embodiment. The only difference is an additional step 
of forming a heat-retaining capping layer 224 covering 
the mask layer 222 and the amorphous silicon film 216 
after performing the second photo-etching process. Then, 
the excimer laser irradiation is performed to make the 
amorphous silicon film 216 in the first region crystallize 
to a polysilicon film 224. In the same manner, an etching 
process is followed to remove the mask layer 222 and the 
heat-retaining capping layer 223. In the preferred em- 
bodiment of the present invention, the heat-retaining 
capping layer 223 comprises a silicon oxide layer, a sili- 



con nitride layer, or a silicon-oxy nitride layer. It can re- 
duce the heat dissipation of the amorphous silicon film 
216 so that the melted amorphous silicon film 216 in the 
first region 220 can be crystallized under a relative higher 
temperature, leading to increase the grain size of the 
polysilicon film 224. 
[0028] please refer to Fig. 11, which is a schematic diagram of a 
method of fabricating a polysilicon film by an excimer 
laser crystallization process according to a third embodi- 
ment of the present invention. The method of this em- 
bodiment is the same as that of the second embodiment 
except the order of the fabricating process. In this em- 
bodiment, a heat-retaining capping layer 323 formed be- 
fore the mask layer 322. In the embodiment mentioned 
above, both of the mask layer 122 and the mask layer 222 
are formed on the amorphous silicon film 116 and the 
amorphous silicon film 226 directly. Thus, if the bottom 
of the mask layer 122 or 222 is mainly composed of a 
metal layer or a silicon nitride layer, the formed polysili- 
con film may be polluted by the metal layer or peeled due 
to the stress problem. However, the method according to 
the first embodiment of the present invention can solve 
this problem and increase the reliability of the products. 



[0029] | n contrast with the prior art method which forms the 

alignment mark before fabricating the amorphous silicon 
film, the present invention integrates the step of pattern- 
ing the amorphous silicon film and the step of forming 
the alignment mark so as to simplify the fabricating pro- 
cess and reduce the fabricating time and the manufactur- 
ing cost. In addition, the present invention further dis- 
closes a method which comprises a step of forming a 
heat-retaining capping layer and a method which uses a 
long pulse duration excimer laser to produce the polysili- 
con film. It not only increases the grain size of the polysil- 
icon film in advance but also solves the conventional 
problem such as metal pollution or semiconductor film 
peeling problem so as to increase the electric perfor- 
mance and the reliability of the devices. 

[0030] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



